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ABSTRACT

Return-to-play from injury is a complex process involving many factors including the balancing of tissue
healing rates with the development of biomotor abilities. This process requires interprofessional coopera-
tion to ensure success. An often-overlooked aspect of return-to-play is the development and maintenance
of sports specific conditioning while monitoring training load to ensure that the athlete’s training stimulus
over the rehabilitation period is appropriate to facilitate a successful return to play. The purpose of this
clinical commentary is to address the role of energy systems training as part of the return-to-play process.
Additionally the aim is to provide practitioners with an overview of practical sports conditioning training
methods and monitoring strategies to allow them to direct and quantify the return-to-play process.
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INTRODUCTION

Injury is an unfortunate outcome for some of
those involved in sports. An estimated seven mil-
lion Americans receive medical attention for sports
related injuries each year.! Once an athlete sustains
an injury it is important that they progress through
a focused rehabilitation program to allow them to
return to their previous level of competition. This
process has been termed the return to sport con-
tinuum and is separated further into three distinct
phases (Figure 1).* The approach taken during this
transition from injury to full participation is criti-
cal in preparing the athlete for competition at a
high level while also reducing the risk of re-injury.?
Unfortunately, the return-to-play (RTP) approach is
not always handled in a systematic way. This can
lead to a delay in the athlete’s RTP, leaving the ath-
lete underprepared for the demands of sport with
increased risk of re-injury or decreased performance
upon return.*®

The RTP process is a multi-disciplinary venture
including sports physicians, physical therapists, ath-
letic trainers, strength and conditioning coaches,
and sport coaches. Collectively, these profession-
als as well as the athletes themselves all play a role
in the decision making process.?” Communication
amongst these groups is paramount in optimizing
athletic care and ensuring the best possible out-
comes.*® However, the criteria used to gauge prog-
ress are often vague and lack standardization.? As a
result communication during the RTP process can
be compromised. In some instances a standard of
practice is used that focuses on local tissue adapta-
tions based on healing time frames.?® While a time
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Figure 1. Return to Play Continuum .

based approach does improve communication, Her-
rington and colleagues make a strong argument that
this is insufficient and a task-based approach that
focuses on clearly defined performance goals is the
best approach for RTP? Thus it is important that the
language that is used in describing the RTP process
is familiar to everyone involved, is measurable, and
reflects best practices.

As an athlete recovers, the emphasis progresses from
protecting the injured tissue, to guiding the healing
process, and finally into restoring the capacity of
strength and energy systems. However, this restora-
tion of strength and capacity may notbe fully realized
during the athlete’s rehabilitation.'’ In the best-case
scenario, an athlete will be “medically cleared” to
play using RTP algorithms (e.g., muscle strength,
joint range of motion, a series of performance tests,
etc.), which have been shown to be of value in mak-
ing this decision."! However, even these approaches
typically give very little information regarding how
much training the athlete has performed or whether
their fitness is sufficient to tolerate competition at
a high level.'*'® Better documentation of the train-
ing process during RTP allows for the quantification
of workload, providing direction to the program and
enhancing communication. This need for an assess-
ment of the workload performed in the RTP process
and its potential link to re-injury was recently listed
as a key focus area by the 2016 Consensus Statement
on Return to Sport from the First World Congress in
Sports Physical Therapy, Bern.?

To address some of these concerns several authors
have proposed RTP frameworks, which can aide in
discussions amongst the relevant practitioners.*”
For example, the updated Strategic Assessment of
Risk and Risk Tolerance (StARRT) framework breaks
the decision making process down into three parts:
1) the assessment of health risk, 2) the assessment
of activity risk, and 3) the assessment of risk toler-
ance.*® Approaches like this establish a system that
monitors the entire process while assigning each
professional a role in clearing the athlete for RTP.
None of the approaches referred to above have
explicitly described an assessment of the athletes
acute or chronic workload. However the authors
of this paper find that the StaRRT framework suits
this process well and propose that the assessment

The International Journal of Sports Physical Therapy | Volume 12, Number 4 | August 2017 | Page 698




of workload should be included in each of the three
categories laid out in the StaRRT framework.>*® This
will allow for a smooth transition from injury to
medical clearance for RTP and on to return to per-
formance while ensuring that the athlete has per-
formed an appropriate amount of chronic loading to
tolerate these progressions.>®!214

It is typical that strength and conditioning is per-
formed by “healthy” athletes.> However, injured
athletes also benefit from a training program that pre-
vents detraining and helps to re-develop any biomo-
tor adaptations lost during the initial rehabilitation
process. This thought process has led various authors
to propose a comprehensive approach to strength
and conditioning within the RTP paradigm.>'*'* The
role of strength training within rehabilitation has
been discussed elsewhere;'*!'> but very little has been
described regarding re-conditioning, or energy sys-
tems development during the RTP process. All of
the bodies’ energy systems play a supporting role at
the onset of activity thus any form of training can be
used to promote energy system development. How-
ever, specific acute training variables such as mode
of exercise, duration, intensity, and rest interval dic-
tate the type of adaptations elicited.

Training and rehabilitation are complex processes that
require sufficient monitoring to ensure that perfor-
mance objectives are being met. The goal of the train-
ing process is to ensure that the training is progressed
at the optimal pace and that the athlete is not under or
over exposed to training loads.'? As such, all individu-
als involved in RTP decision-making process should
have an understanding of the athlete’s current level of
fitness and its relation to their clearance for RTP.

The purpose of this clinical commentary is to address
the role of energy systems training as part of the RTP
process. Thus, an overview of the three metabolic
pathways followed by energy system training con-
cepts will be provided. Finally, practically applicable
methods are given for monitoring the training process
providing practitioners with tools to quantify the train-
ing result and direct the RTP process for the athlete.

ENERGY SYSTEM PHYSIOLOGY

Exercise places both metabolic and neuromuscular
demands on the body'® and in order to meet these
demands adenosine triphosphate (ATP) must be pro-

vided to working muscle through the interactions of
the three metabolic pathways:'61”

1. The phosphagen system
2. The glycolytic system
3. The oxidative system

The intensity and duration of the exercise bout
determines which of the energy systems has the
greatest contribution to energy supply. Activities
such as Olympic Weightlifing and the 100m sprint
utilize ATP at a very high rate and therefore rely on
the Adenosine triphosphate-Phosphocreatine (ATP-
PCr) pathways to rephosphorylate ADP to ATP. This
pathway relies on the single-step creatine kinase
reaction to rephosphorylate ADP and thus has a
high rate of energy supply. However, there is a finite
supply of intramuscular ATP and PCr stores result-
ing in a very limited capacity of this system.

Intermediate duration activities such as 400m sprint-
ing must rely on higher capacity energy systems to
rephosphorylate ATP. This multistep pathway uti-
lizes glucose/glycogen to provide ATP for continued
muscular contraction and will so in the absence of
oxygen. However, fatiguing by-products are pro-
duced, which limit the duration of this energy sys-
tem. Longer duration activites such as marathon
running rely on oxidative phosphorylation path-
ways (aerobic glycolysis/B-oxidation, Kreb’s Cycle,
electron transport chain) to sustain ATP production
over the extended exercise duration. However, these
pathways require the integrated delivery and utili-
zation of oxygen and thus have substantially lower
rates of ATP supply. Although not mutually exclu-
sive, the proportional reliance on these three energy
systems depends on both the duration and intensity
of exercise (Table 1).

Table 1 may serve to provide a general understand-
ing of the metabolic demands of various sport activi-
ties. For example, the metabolic requirements of
sports such as Olympic weightlifting, 100m sprint-
ing, or Marathon running, are relatively easy to
classify since the intensity and specific durations
of these sports biases them towards the ends of
the spectrum. The demands of many team sports,
however, present a greater challenge when classi-
fying them based on metabolic or energy systems
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Table 1. Energy System Demands

Duration Intensity Primary Energy System
0 — 6 seconds Maximal Phosphagen
6 — 30 seconds Near-Maximal Phosphagen & .
Anaerobic Glycolysis

30 — 120 seconds High Anaerobic Glycolysis

. Anaerobic &
2 — 3 minutes Moderate Aerobic Glycolysis
> 3 minutes Low Oxidative

demand. A majority of team sports are comprised of
maximal or near maximal sprints followed by brief
periods of recovery'® and therefore do not utilize the
extremes of the energy system as in the previous
examples. Descriptions of metabolic pathways, such
as Table 1, make it appear as though these pathways
are mutually exclusive with distinct ‘on-off’ switches
as the duration increases and the intensity of work
decreases. It should be noted that each of the sys-
tems works to supply energy in concert, however
their relative contributions change depending on
the task.'® As such, team sport athletes require fit-
ness levels sufficient to support metabolic require-
ments specific to their sport and position that spans
the three main metabolic pathways.

The “on and off”, intermittent nature of team sport
hasbeen termed repeated sprint ability (RSA).?* RSA
reflects a key characteristic of team sport, whereby
a large portion of competition is spent performing
lower intensity activities with brief bouts of maximal
to near maximal efforts interspersed throughout the
time played.® Thus, it is important that athletes par-
ticipating in activities with high RSA demands pos-
sess the ability to repeat maximal or near maximal
efforts with limited fatigue.'”* As fatigue accumu-
lates over the course of a competitive match the abil-
ity to repeatedly sprint at a maximal speed becomes
compromised. Multiple mechanisms of fatigue have
been explored within the construct of RSA.!'7202223
In addition, many acute training and competition
variables have been studied as well. For example,
decreased RSA due to fatigue may be attributed to
duration, work-to-rest interval,* type of recovery
(active vs. passive),'”* oxygen uptake kinetics® and

changes in muscle metabolites.?” While the physio-
logical underpinnings of RSA continue to be explored
it is important to note that a variety of training meth-
ods have been proposed to address these limitations
and improve RSA.'7? For example, high-intensity
interval training (HIIT) methods have been shown
to improve VO,max,* VO, kinetics,*® mitochondrial
biogenesis,**? and sports performance.***

Energy system training terminology is not always
consistent, which may result in confusion in the
application of research principals to the actual train-
ing methods used.* To alleviate this, Chamari and
Padulo recommend doing away with physiological
descriptions of training and instead propose three
basic classifications for short duration - repeated
effort exercise. This classification system can help
practitioners develop training sessions without
being confused or hindered by exercise physiology
terminology. The classification system proposed by
Chamari and Padulo are based on exercise duration
and can be seen in Table 2.

Note that longer duration exercise is not addressed
within the classification structure of Chamari
and Padulo; however, it should not be overlooked.
While excessive amounts of long duration, endur-
ance exercise may have deleterious effects on the
explosive capabilities of power athletes® a moderate
amount of this type of conditioning has been found
to increase performance in team sport competition
as a major portion of team sport is spent performing
low-intensity activities in-between high intensity
efforts.*” During these periods, the aerobic energy
system plays a central role in recovery between
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Table 2. Energy System Training Distribution

Classification Intensity Duration Programming Example
Explosive Efforts Maximal Upto6s 3-5 s work : 60-120 s Rest
High Intensity Efforts Maximal 6 sto 1 min 30 s work : 30 s Rest
Endurance Efforts Maximal > 1 min 3 min work : 3 min Rest

intense bouts of exercise and assists in repeating
those high intensity efforts with less performance
decrement.***® While the aerobic system may con-
tribute 10% or less energy to a single sprint, with
repeated sprints its contribution can rise to as much
as 49%.%® For these reasons, a well-rounded training
program should be designed to ensure that the full
spectrum of the athlete’s fitness is addressed within
the RTP program.

TRAINING METHODS & PROGRAMMING

A determination of the individual needs of the ath-
lete is important to ensuring that the testing done
during the RTP process accurately assesses the
demands that will be placed on them. This is done
with a needs analysis of the sport and should be spe-
cific to the position the athlete plays as well as the
level of competition they participate in (e.g., colle-
giate, amateur, professional). An in depth discussion
of this processes is beyond the scope of this paper
and the reader is referred to the following papers
for an exploration of this topic in full.*"** Numerous
factors must be considered when deciding what to

emphasize within training, such as the time since
the initial injury, what has been done to date, and
the time frame available before RTP. Communica-
tion between professionals involved in the RTP deci-
sion at this point will help to ensure that the RTP
process is optimized.

The manipulation of acute training variables dic-
tates the response the athlete has to the training
program. Buchheit and Laursen® recognize nine
variables that can be manipulated within an energy
system training session (Table 3). The manipula-
tion of training variables can be used to change the
focus of the session or to aid in selecting modalities
(e.g., cycling, rowing) that may be appropriate dur-
ing phases of the RTP process when activities like
running are contra-indicated. These variables offer
the practitioner a number of options for creating a
training program. Table 4 provides guidelines for the
manipulation of these variables based on the objec-
tives of the training session (e.g., short duration or
long duration) and training modalities that might
be appropriate for the individual at that time. The

Table 3. Energy System Training Variables

A group of sets performed in
succession before a longer rest
break is taken.

Segment of Training Session Variable Manipulated
Intensity

Work Interval Duration
Modality

(e.g., Run, Bike, Rowing, etc.)

Duration

Recovery .
Intensity

Seri Number of Series

eries:

Series Duration

Time Between Series

Between-Series Recovery Intensity
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Table 4. Energy System Training Parameters

Work Interval Recovery Series Adaptation
. . . . Number Weekly .
Intensity  Duration Intensity Duration of Series  Frequency Timeframe
Short Duration — Repeated Efforts
Explosive Maximal <6 s | Passive 30to 120s | 2to6 2to3 2 to 3 weeks
Effort
High-
Intensity Maximal 15t0o30s| RPE<2 30to 120s | 4to 10 2to3 2 to 3 weeks
Effort
Endurance | RPE 23 min | RPE <2 23min| 61010  2t03 | 2to3 weeks
Effort 8to 9
Long Duration — Endurance
Extensive | Zone 1 20_.60 Continuous 3to5 2 weeks to 3
min months
. Zone 2 6-8 min Low .
Intensive Zone 3 4-6 min | Zone 1 2-4min | 3to6 2t03 2+ weeks

clinician is advised to utilize this framework when
designing programs.

When designing training programs, the practitioner
is required to determine the appropriate training
intensity for a given training session. Prescription
of intensity has been based on of a number of
physiological measures in the literature including
maximal heart rate, VO,max, aerobic and anaero-
bic threshold, and critical power.*® Traditionally a
percentage of these values are utilized to prescribe
an internal (% VO,max, % threshold) or external (%
critical power) intensity in either a continuous or
interval-based prescription. With the popularity of
interval-based prescriptions® (see Training Methods
& Programming) it is imperative that the practitio-
ner not only considers the intensity of the exercise
bout, but also the intensity of inter-interval recovery
periods and inter-series recovery. Technology, such
as GPS monitors, heart rate monitors, and power
meters, may assist practitioners in directly quan-
tifying training intensity, however, expense may

limit their applicability in certain situations. The
use of perceived intensity and duration make for an
affordable solution that is easy to implement in any
setting.

The rating of perceived exertion (RPE) is one of the
most recognized measures for monitoring training
intensity during a workout.** Using this method
clinicians may then prescribe exercise intensities
within a binary or 3 zone model as shown in Table
5.447 The binary zone model differentiates low vs.
high-intensity with respect to the first blood lactate
threshold (2.5 mmol/L) or 72% HRmax, whereas
the 3 zone model includes intensities below 2.5
mmol/L blood lactate or 55-82% HRmax as zone 1,
2.5 mmol/L to 4.0 mmol/L blood lactate or 82-87%
HRmax as zone 2, and >4.0 mmol/L blood lactate
and >87% HRmaz as zone 3. The RPE scale most
often used is the modified CR10 scale seen in Table
7.% These parameters offer a flexible model for
developing both anaerobic and aerobic qualities in
the injured athlete.
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The classification system established in Table 2 gives
the practitioner a framework that can be used for
designing and progressing the individual rehabilita-
tion program. Key training sessions throughout the
week would be designed to improve the predomi-
nant energy system demands required by the sport
and position the athlete competes in. For example,
the sport of American football is an intermittent
sport comprised of repeated, high-intensity efforts of
approximately 4 - 7s, followed by 15 - 80s of recov-
ery, which would be considered “Explosive Effort”
per Table 2.%%%° As such, the goal of the programming
would be to maximize the various energy systems
ability to tolerate these demands. Table 6 provides an
example program demonstrating application of the
various principals to a specific case. Training modali-
ties should progress as the athlete moves through the

RTP program. For example, the athlete may begin
performing bike workouts, if running is initially con-
traindicated due to their injury, and then progress
to linear running, change of direction running, and
finally to open environment skill work, where the
athlete must sprint at a high level whilst making deci-
sions and changing directions. Similarly, exercise
intensity would progress from lower intensity work to
explosive efforts of straight ahead running, to change
of direction work performed under similar work-to-
rest ratios specific to the game. Finally, the athlete’s
program would be progressed from longer rest inter-
vals to rest intervals that are more sport specific.

MONITORING THE PROCESS
Monitoring the training process provides practitio-
ners with the ability to quantify the volume and

Table 5. Sustained Effort Training Intensity Zones

Binary Model Intensity Zone Heart Rate (Max) RPE
) Zone 1 55-82% <5
Low Intensity
Zone 2 82 -87% 5-6
High Intensity Zone 3 88 -99% 7-10

Table 6. Sample Basketball Sports Specific Training Progression after Injury to Lower

Extremity (LE)

Phase 1 Phase 2 Phase 3
Phase Long Duration - Long/Short Short Duration —
Endurance Duration Repeated Effort
Intensive efforts
. . progressing to
o 30 min Extensive Endurance effort Endurance effort
Training work alternated with
Parameters Mav still includ High Intensity and
3-5 Intensive Bouts ay still Inciuce Explosive Effort
extensive work for
LE
At this point the The LE should be
iy L exercise selection fully integrated
Initially i[}ltlsdv?ll be may begin o assuming clearance
Modality Used . rigu Etlhet do ; include LE based ~ with the goal being
e et activities as to match RTP
stress the mjury. deemed appropriate demands.
by medical staff.
. Progression is based on medical clearance and adaptations as
Progression .
determined by relevant tests.
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intensity of training an athlete has performed. In
doing so, the practitioner can methodically manipu-
late training variables and increase or decrease the
amount of training stress on a given day to allow for
consistent improvement without exposing the ath-
lete to loads that they are not prepared to tolerate.
Several methods have been proposed to assist practi-
tioners in understanding the dose-response relation-
ship of training.*** In order to provide practitioners
with low cost methods, this commentary will focus
mainly on the use of Session Rating of Perceived
Exertion (sRPE). More objective methods of training
monitoring exist (e.g., HR, Global Position System
(GPS) tracking, etc.); however these methods can be
costly and require specific expertise to handle the
data is required.

QUANTIFYING TRAINING SESSIONS

The dose-response relationship describes the inter-
action between what the athlete did in training and
how they responded to it.® A distinction between
external (what the athlete did) and internal (how
they responded) training load factors allows for con-
textualization of the applied training loads.

External training load represents the work per-
formed by the athlete in a given training session.>
It can be quantified in several ways, such as the dis-
tance covered, amount of high speed running per-
formed, weight lifted, or total training volume. The
rehabilitation specialist or strength coach plans the
expected external training load for a given day; as
they select the training modality, exercise intensity,
volume of work, and the work to rest ratio. Various
methods of external load quantification have been

explored in the literature.®® The use of integrated
microtechnology (GPS, accelerometers, and gyro-
scopes) has become one of the most popular meth-
ods of external load quantification in team sport>*°557
as these systems allow for the quantification of run-
ning, collisions, accelerations, decelerations, and
change of direction measures during practice or
sports training.’®5%% Unfortunately, the expense of
these systems may make their use impractical for
practitioners in private practice or those working
with teams or smaller universities with limited bud-
gets. In these cases charting the details of the ath-
letes training session is a simple alternative to track
external training load as seen in Figure 2.

The athlete’s response to the planned training ses-
sion is termed internal training load.”>* A well
documented method of internal load quantifica-
tion is heart rate response.’**>*% The relationship
between heart rate response and exercise intensity
during a training session has been explored using
various training impulse (TRIMP) models, which
assign a weighting factor to an arbitrary number of
HR zones.?%*54% The HR zones are then summated
to create a training load score for a given training
session. While this approach is easy to apply the
financial burden of purchasing equipment is still
present® and the kinetic response of HR adjustment
makes them impractical for interval based training.
Thus the use of internal load quantification via the
session Rating of Perceived Exertion (sRPE) method
is likely the most clinically applicable method
available.45,51,53,54,60

Originally developed by Foster and colleagues,**
the RPE method allows the quantification of training

Name Athlete A
Date 1/4/16
Training Hill Sprint
Modality
Method Explosive
Efforts
Intensity Series Rest Between Series  Sets Work Rest
Maximal 4 5 min 15 5 sec 30 sec
Training 51 min
Duration

Figure 2. Example Training Document.

The International Journal of Sports Physical Therapy | Volume 12, Number 4 | August 2017 | Page 704




load without the use of heart rate technology. Fos-
ter and colleagues found a consistent relationship
between TRIMP scores and the individual’s RPE dur-
ing aerobic exercise*® and others have found similar
relationships with RPE and %HR ., and blood lac-
tate.® The athlete is asked to rate the intensity of
the training session utilizing the descriptors of the
CR10 Scale (Table 7).*% An arbitrary training load
based on session RPE can be calculated by multi-
plying the corresponding number for the descrip-
tor on the CRI10 Scale by the duration of training,
in minutes.?*®® These values can be stored in any
spreadsheet software file for the individual athlete
and changes in training load can be charted over
time (Figure 3).

It has been recommended that the athlete be asked
to provide their session RPE approximately 20-30min
following the training session.®*% The timing of the
response is thought to improve the athlete’s ability
to reflect on the session as a whole versus their per-
ception of the last activity performed in the train-
ing session, which could be skewed by their overall
fatigue at that time.*>** This limitation may present
a problem for practitioners, as keeping the athlete
in the facility for 20-30min following their train-
ing session is often not practical. More recently,
the importance of measurement timing has been
called into question. Uchida and colleagues® col-
lected sRPE on boxers at both 10 and 30 min post
training following three standardized training ses-

Table 7. CR-10 Rating of

Perceived Exertion

Rating Descriptor
Rest

Very Easy
Easy
Moderate
Somewhat
Hard

Hard

B WO~ O

Very Hard

Very, Very

Hard

9 Almost
Maximal

10 Maximal

o0 3 N D

sions (easy, moderate, and hard). They found that
RPE had little variation between the 10 and 30min
measurements across all three training sessions.
Kraft and colleagues®™ observed a similar response
when quantifying sRPE for resistance training ses-
sions taken at 15 vs. 30min. These findings indicate
that practitioners may be able to practically apply
the sRPE method in settings where it is not practical
to wait 20-30min following training.

Name: Athlete A

Date Training Load

1/5/16 495

1/6/16 598 800

1/7/16 552 800

1/3;16 455 0

1/9/16 495

1/10/16 728 oo

1/13/16 743 500

1/14/16 690 400

1/15/16 658 100

1/16/16 777

1/17/16 557 200

1/18/16 503 100

1/19/16 556 o

e ‘-.}0 ol %\‘c ,.n;'-’,\‘c Q\,\'c
B\ N - EL I

Training Load

s=p==Training Load

Figure 3. Change in Training Load Over Time, for hypothetical “Athlete A" Note: Values arve calculated using RPE x Time.

The International Journal of Sports Physical Therapy | Volume 12, Number 4 | August 2017 | Page 705




Initially developed for aerobic exercise, session RPE
has also been found to be valuable for quantifying
other training activities. For example, session RPE
has been used as a marker for training load during
intermittent team sport activities and resistance
training, providing practitioners with an affordable
and easy to administer method of quantifying the
internal training response.5%6673

Finally, in addition to quantifying the session as a
whole, RPE can be used to quantify bouts of work
during energy system training.?® If the practitioner
lacks a HR monitor, a prescribed RPE could be pre-
sented to the athlete for their work intervals. For
example, performing high intensity efforts at an RPE
of 8-9 for 30 s of work followed by 30 s of recovery
at an RPE of 2.

MODELING THE TRAINING PROGRAM

Daily training loads can be evaluated over time to
quantify how much training the athlete has per-
formed during their RTP process and to ensure that
they have trained enough in order to withstand the
loads of practice and competition. As a method of
understanding periodization in sport, RPE has often
been reported in the literature in absolute terms,
reflecting cumulative loads over one to two week
blocks of training, or percent changes from one week
to the next.576%7375 While this method of reporting
provides a useful look at how an athlete’s program is
progressing it tells little about the cumulative effect
that training has had on the body. Utilizing RPE, a
recent method proposed by Hulin and colleagues
seeks to take into account both acute and chronic
load during the training process as a way of quanti-
fying changes in fitness and fatigue.” This method,
termed the acute:chronic ratio, allows practitioners
to determine how the athlete is tolerating the train-
ing processes over time, while slowly progressing
back to pre-injury fitness levels.'?

The acute load represents the most recent weekly
training load for the athlete while the chronic load
is the four-week average of work the athlete has per-
formed.” The acute load is divided by the chronic
load to produce a single number, which describes the
athlete’s current status.”” A ratio greater than 1 would
indicate that the acute load for that week exceeded
what the athlete had previously been exposed to.”

Using this method, it was observed that rugby ath-
letes who exceed an acute:chronic workload of 2.11
were at a 3.4 times greater risk of injury.”” The met-
ric is easy to compute and a visualization of the train-
ing response during the RTP program can serve as
a discussion point amongst medical, rehabilitation,
strength and conditioning coaches, and coaches.

Table 8 shows an example of using the acute:chronic
training load to plan training. Periods of intense
training are helpful in building an athlete’s fitness,
however, excessive periods of intense loading expose
the athlete to increased risk of injury or, for the reha-
bilitating athlete, re-injury.*>%*7%7% The acute:chronic
training load is useful for identifying periods of
excessive loading, as can be seen by the conditional
formatting in Figure 4. The acute:chronic ratio is
flagged “red” any time the acute:chronic training load
exceeds 2 and “yellow” any time the acute:chronic
load exceeds 1. For example, in the first case there is
an acute:chronic load of 2.10. The acute load in that
given session was 6856, which is 2.10x greater than
the average of the previous four sessions (3269.3).
This data can be represented graphically as well.
The bottom of Figure 4 shows a chart representing
the athlete’s acute load (red), chronic load (green),
and acute:chronic ratio (grey shading). Additionally,
the threshold lines indicating an acute:chronic load
of 1 and 2 are also represented. In the example the
practitioner noticed the high training loads for three
consecutive weeks (weeks 5-7) before planning a
few weeks of lower training (weeks 8-10) to allow for
recovery and a dissipation of accrued fatigue.

CONCLUSION

RTP from an injury is a challenging process for
everyone involved. The numerous factors inher-
ent to decision making within the RTP process have
been addressed in the recently updated StARRT
framework.*® The framework is defined by a com-
parison of the individuals risk tolerance to the risk
involved in their RTP. This clinical commentary has
attempted to demonstrate how this can be used when
assessing and programming energy system develop-
ment in the injured athlete. An assessment based
on the demands of the sport and the acute:chronic
training load can be utilized to monitor the gap
between these two domains. The implementation
of energy system development principals allows

The International Journal of Sports Physical Therapy | Volume 12, Number 4 | August 2017 | Page 706




8000

7000

w = w -3
=1 =] -] 2
=1 =1 =1 1=
=] =1 =] =

Acute & Chronic Training Load
5

1000

Name Athlete A
Training Week Acute Load Chronic Load (4 Acute:Chronic Training Load Ratio
(Current week) week average) (Previous 4 week average / current
week)

1 2300

2 2420

3 2357

4 6000 3269.3

5 6856 4408.3 2.10

6 7236 5612.3

7 6000 6523.0

8 5199 6322.8 0.80

9 4919 6838.5 0.78

10 4816 5244.8 0.83

11 6432 5352.8

12 7450 5915.5

13 6942 6421.3

14 3856 6170.0 0.60

15 3237 5371.3 0.52

16 3324 4339.8 0.62

Acute:Chronic Training Load

7 8 9 10 1 12 13 14 15 16

Training Week

25

6 Acute=Chronic Training Load
T emipcute Load
Chronic Load
= = =Thresheld 1

= = = Thresheld 2

05

Figure 4. Acute: Chronic Training Load for hypothetical “Athlete A’ Note: Values are calculated using RPE x Minutes

the clinician to address the athlete’s readiness and
tolerance to the increasing demands they will face.
By approaching the return to sport question in this
manner the RTP team is able to ensure that relevant
risks specific to capacity and workload are discussed
and addressed during the rehabilitations and RTP
process. This allows the athlete to RTP with a capac-
ity that is able to handle the levels of stress that their
spor requires.
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